m 

Docket No.: M4065.0424/P424 



What is claimed as new and desired to be protected by Letters Patent of the United 
States is: 

JXA method for measuring a parameter of a circuit under test, the method 
comprising?\v 

(a) charging as^t circuit with a power source; 

(b) disconnecting saiS^t;est circuit from said power source; and 

(c) measuring said parameter\9i^aid circuit under test with said test circuit. 

^^^^v^The method of claim 1, wherein said act of charging comprises: 

chargin^^a^fe^ portion of said test circuit up to a first voltage level; and 
charging a secona{>8a:tion of said test circuit up to a second voltage level. 

^S^The method of claim 2, wherein said act of charging a first portion comprises 
charging a Bf^ capacitor of said test circuit to a power rail voltage level, and wherein said 
act of charging a seb3a;id portion comprises charging a second capacitor of said test circuit 
to a predetermined referencb<^ltage level. 

4, The method of claim 3, wherein said act of charging a first capacitor comprises 
charging said first capacitor to Vdd. 
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5. The method of claim 3, wherein said act of charging a second capacitor comprises 
charging said second capacitor to an initial reference voltage level. 

^*6s^ The method of claim 3 further comprising: 
5 changing said predetermined reference voltage level; and 

repeating acK^^^through (c) if said measured parameter does not have a 
predetermined relationship witfe^^s^d predetermined reference voltage level. 

7. The method of claim 6, wherein said act of changing said predetermined reference 
voltage comprises changing said reference voltage level from an initial reference voltage 
level. 

The method of claim 6, wherein said act of repeating comprises repeating acts (a) 
through (c) if^ measured voltage is not less than said predetermined reference voltage 
level. 



9. The method of claim 8, whbcein said act of repeating comprises repeating acts (a) 
through (c) if a voltage measured at a grouhd^rminal is not less than said predetermined 
reference voltage level. 
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1>Q. The method of claim 6, wherein said act of repeating comprises repeating acts (a) 
through if a measured voltage is not less than said predetermined reference voltage 
level. 

11. The method or^claim 10, wherein said act of repeating comprises repeating acts (a) 
through (c) if a voltage measured at a power rail of said circuit under test is not less than 
said predetermined reference volrage level. 

12. The method of claim 1, wherein said act of disconnecting comprises disconnecting 
said test circuit from a power rail of said circuit under test. 

13. The method of claim 12, wherein said act of disconnecting comprises 
disconnecting said test circuit from a Vdd terminal. 

14. The method of claim 12, wherein said act of disconnecting comprises 
disconnecting said test circtiit from a reference voltage terminal. 

15. The method of claim 13, wherein said act of disconnecting comprises toggling a 
state of a transistor coupled between said test circuit and said Vdd terminal. 

16. The method of claim 14, wherein said act of disconnecting comprises toggling a 
state of a transistor coupled between said test circuit and said reference voltage terminal. 
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17. The metJiod of claim 1, wherein said act of measuring comprises comparing a 
sensed voltage with a reference voltage. 

5 18. The method of claim 17, wherein said act of comparing comprises comparing a 

voltage sensed at a ground terminal of said circuit under test with a reference voltage. 

19. The method of claim 17, wherein said act of comparing comprises comparing a 
voltage sensed at a power rail of said circuit under test with a reference voltage. 

20. The method of claim 18, wherein said act of comparing comprises toggling a state 
of a transistor coupled between the test circuit and said ground terminal being sensed. 

21. The method of claim 19, wherein said act of comparing comprises toggling a state 
of a transistor coupled between the test circuit and said power rail being sensed. 

22. The method of claim 1 further comprising quantifying ground bounce for said 
circuit under test. 

20 23. The method of claim 1 further comprising quantifying power droop for said 

circuit under test. 

19 



1260616 v2: R0P4O2I.DOC 



Docket No.: M4065.0424/P424 

^Of\^ 2^. A test circuit for measuring a parameter of a circuit under test, said test circuit 
comprising: 

a charge retainer for retaining a charge from a power source for operating said test 

circuit; 

a switcK coupled between said charge retainer and said power source for 
disconnecting saidVest circuit from said power source; and 

a measuring Wrtion for measuring a parameter of said circuit under test while said 
test circuit is disconnecred from said power source. 



25. The test circuit of claim 24, wherein said charge retainer comprises a storage 
capacitor for storing a charge frcmi said power source. 



26. The test circuit of claim 25, Vherein said switch comprises a transistor, a first side 
of said transistor being coupled to said storage capacitor, a second side of said transistor 
15 being coupled to said power source. 
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27. The test circuit of claim 24, wherein said measuring portion comprises a 
comparator, said comparator being coupled to saidvcharge retainer for receiving power 
when said test circuit is disconnected from said poweX source. 

28. The test circuit of claim 27, wherein a first input of said comparator is coupled to 
said circuit under test for sensing said parameter. 
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29. The test circuit of claim 28 further comprising a switch coupled between said first 
input of said comparator and said circuit under test. 

30. The test circuit of claim 29, wherein said switch comprises a transistor. 




The test circuit of claim 28, wherein a second input of said comparator is coupled 
to a refer^iKze voltage terminal for receiving a reference voltage and comparing said 
reference vol ta^ with said sensed parameter of said circuit under test. 



5 



32. The test circuit of^laim 31 further comprising a switch coupled between said 
second input of said comparator and said reference voltage terminal for disconnecting said 
second input of said comparator from said reference voltage terminal. 
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33. The test circuit of claim 32, wherein s^ switch comprises a transistor. 




retainmg a 



ijxuit of claim 32 further comprising a second charge retainer for 
said reference voltage terminal. 



^^^S^ 3^\^The test circuit of claim 34, wherein said second charge retainer comprises a 

second storage capacitor for providing said reference voltage to said second input of said 
comparator when s^d second input is disconnected from said reference voltage terminal. 
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36. The test circuit of claim 27, wherein said comparator further comprises an output 
for producing a signal when said parameter, as measured, has a predetermined relationship 
with a reference voltage. 

37. The test circuit of claim 24, wherein said test circuit is integrated onto a 
semiconductor die. 

3S . A semiconductor die comprising: 
at least one circuit to be tested; and 

at least one test circuit for measuring a parameter of said at least one circuit to be 
tested, said at least one test circuit comprising: 

a charge re^ner for retaining a charge from a power source for operating said at 
least one test circuit; ^v 

a switch coupled between said charge retainer and said power source for 
disconnecting said at least one\est circuit from said power source; and 

a measuring portion for reinsuring said parameter of said at least one circuit to be 
tested while said at least one test circuit is disconnected from said power source. 

39. The die of claim 38, wherein said charge retainer comprises a storage capacitor for 
storing a charge from said power source. \ 
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^nQ. The die of claim 39, wherein said switch comprises a transistor, a first terminal of 
said transistor being coupled to said storage capacitor, a second terminal of said transistor 
being coupled rcKsaid power source. 

41. The die of claim 3o>Avherein said measuring portion comprises a comparator, said 
comparator being coupled to said^sJiarge retainer for receiving power when said at least one 
test circuit is disconnected from said^poW^ source. 

42. The die of claim 41, wherein a first input of said comparator is coupled to said at 
least one circuit to be tested for sensing said parameter. 



43. The die of claim 42 fiirther comprising a switch coupled between said first input of 
said comparator and said at least one circuit to be tested. 

44. The die of claim 43, wherein said switch comprises a transistor. 




^/j \^ ^f^K^he die of claim 42, wherein a second input of said comparator is coupled to a 
reference voltage^erminal for receiving a reference voltage and comparing said reference 




voltage with said sensed parameter of said at least one circuit to be tested. 
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46s. The die of claim 45 further comprising a switch coupled between said second 
input of saio'comparator and said reference voltage terminal for disconnecting said second 
input of said comparator from said reference voltage terminal. 



47. The die of claim 46, wherein said switch comprises a transistor. 




die of claim 46 further comprising a second charge retainer for retaining a 



charge from ^id reference voltage terminal. 



49/^SC|ie^die of claim 48, wherein said second charge retainer comprises a second 
storage capacito^^or^prw said reference voltage to said second input when said second 
input is disconnected from said reference voltage terminal. 



=x 50. The die of claim 38, wherein said comparator further comprises an output for 

15 producing a signal when said parameter, as measured, has a predetermined relationship 
with a reference voltage. 
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. A semiconductor die comprising: 
at least oiiev^cuit to be tested; and 

at least one test circCtit^r measuring a parameter of said at least one circuit to be 
tested, said at least one test circuixb€imp rising: 
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^ comparator coupled to a power source, said comparator having a first input for 
receiving a\ensed voltage and a second input for receiving a reference voltage; 

a first storage capacitor coupled to said voltage source and also coupled to said 
comparator, said first storage capacitor being used for storing a voltage supplied by said 
5 power source and also fis)r providing power to said comparator when said comparator is 
disconnected from said power source; 

a second storage capacitor coupled to a reference voltage source and also coupled 
to said second input of said comparator, said second storage capacitor being used for 
storing a reference voltage provided by said reference voltage source and also for providing 
0 said second input of said comparator with s\kl reference voltage when said comparator is 
disconnected from said reference voltage sources 



52. The die of claim 51 further comprising: 

a first transistor coupled between said first input of said comparator and said at 
5 least one circuit to be tested for toggling said comparator in and out of electrical contact 
with said at least one circuit to be tested; 

a second transistor coupled between said second input of said comparator and said 
reference voltage source for toggling said comparator in and out of electrical contact with 
said reference voltage source; 
0 a third transistor coupled between said comparator and said power source for 

toggling said comparator in and out of electrical contact with said power source. 
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[, A computer readable storage medium storing a computer readable program for 
measuring asparameter of a circuit under test, said computer readable program being 
configured to op^i;ate a computer to: 

(a) charge a tescfeircuit with a power source; 

(b) disconnect said tesb^nrcuit from said power source; and 

(c) measure said parameter of^^aid circuit under test with said test circuit. 



0 



S^SThe storage medium of claim 53, wherein said program is further configured to 
operate said conSpnter to: 

charge"^ fir^t^ortion of said test circuit up to a first voltage level; and 
charge a second ^CH-tion of said test circuit up to a second voltage level. 
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^^"55, The storage medium of claim 54, wherein said program is further configured to 
operate said^:;omputer to charge a first capacitor of said test circuit to a power rail voltage 
level, and also to^likr^ a second portion comprises charging a second capacitor of said test 
circuit to a predetermined reference voltage level. 



20 



56. The storage medium of claim 55, wherein said program is further configured to 
operate said computer to charge said first capacitor to Vdd. 

57. The storage medium of claim 55, wherein said program is further configured to 
operate said computer to charge said second capacitor to an initial reference voltage level. 
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5oV The storage medium of claim 55, wherein said program is further configured to 
operate saicf^mputer to: 

change sakl predetermined reference voltage level; and 




repeat acts (a) through (c) if said measured parameter does not have a 
predetermined relationship^wH^ said predetermined reference voltage level. 



59. The storage medium of claim 58, wherein said program is further configured to 
operate said computer to change said reference voltage level from an initial reference 
voltage level. 

). The storage medium of claim 58, wherein said program is fiirther configured to 
operate s^d computer to repeat acts (a) through (c) if a measured voltage is not less than 
said predeterrmned reference voltage level. 

61. The storage r^edium of claim 60, wherein said program is fiirther configured to 
operate said computer to repeat acts (a) through (c) if a voltage measured at a ground 
terminal is not less than said pi'cdetermined reference voltage level. 



20 62. The storage medium of claim ^8, wherein said program is fiirther configured to 

operate said computer to repeat acts (a) thris^ugh (c) if a measured voltage is not less than 
said predetermined reference voltage level. 
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oSv^he storage medium of claim 62, wherein said program is fiirtJier configured to 
operate said corhp^iter to repeat acts (a) through (c) if a voltage measured at a power rail of 
said circuit under test is nbt^less than said predetermined reference voltage level. 

64. The storage medium of claim 53, wherein said program is further configured to 
operate said computer to disconnect said test circuit from a power rail of said circuit under 
test. 

65. The storage medium of claim 64, wherein said program is fiirther configured to 
operate said computer to disconnect said test circuit from a Vdd terminal. 

66. The storage medium of claim 64, wherein said program is further configured to 
operate said computer to disconnect said test circuit from a reference voltage terminal. 

67. The storage medium of claim 65, wherein said program is fiirther configured to 
operate said computer to toggle a state of a transistor coupled between said test circuit and 
said Vdd terminal. 

68. The storage medium of claim 66, wherein said program is fiirtJier configured to 
operate said computer to toggle a state of a transistor coupled between said test circuit and 
said reference voltage terminal. 
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69. The storage medium of claim 53, wherein said program is furdier configured to 
operate said computer to compare a sensed voltage with a reference voltage. 

70. The storage medium of claim 69, wherein said program is further configured to 
operate said computer to compare a voltage sensed at a ground terminal of said circuit 
under test with a reference voltage. 

71. The storage medium of claim 69, wherein said program is further configured to 
operate said computer to compare a voltage sensed at a power rail of said circuit under test 
with a reference voltage. 

72. The storage medium of claim 70, wherein said program is fiirther configured to 
operate said computer to toggle a state of a transistor coupled between the test circuit and 
said ground terminal being sensed. 

73. The storage medium of claim 71, wherein said program is further configured to 
operate said computer to toggle a state of a transistor coupled between the test circuit and 
said power rail being sensed. 

20 

74. The storage medium of claim 53, wherein said program is fiirther configured to 
operate said computer to quantify ground bounce for said circuit under test. 
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75. The storage medium of claim 53, wlierein said program is further configured to 
operate said computer to quantify power droop of said circuit under test. 



0^ 



) 



A processor system, comprising: 
rocessor; and 

a communications link coupled to said processor and also coupled to a computer 
readable storage medium, wherein 

said computer readable storage medium stores a computer program for measuring a 
parameter of a circuit unde^test, said computer program configured to operate said 
processor to: 

(a) charge a test circuit with\ power source; 

(b) disconnect said test circuit from said power source; and 

(c) measure said parameter of said^cirb^it under test with said test circuit. 

The processor system of 76, wherein said program is further configured to operate 
said processor 

charge a firs^^portion of said test circuit up to a first voltage level; and 
charge a second portion of said test circuit up to a second voltage level. 



"^^v,,^ TSvThe processor system of claim 77, wherein said program is furtiier configured to 
/ operate said processor to charge a first capacitor of said test circuit to a power rail voltage 
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^ ^ levH,^and also to charge a second capacitor of said test circuit to a predetermined reference 
voltage level. 



15 




79. The processor system of claim 78, wherein said program is fiirther configured to 
5 operate said processor to charge said first capacitor to Vdd. 

80. The processor system of claim 78, wherein said program is fiirther configured to 
operate said processor to charge said second capacitor to an initial reference voltage level. 



The processor system of claim 78, wherein said program is fijrther configured to 





operate said processor to: 

change^said^E^etermined reference voltage level; and 
repeat acts (a) throii^h^c) if said measured parameter does not have a 
predetermined relationship with said pFQdetermined reference voltage level. 



82. The processor system of claim 81, wherein said program is fiirther configured to 
operate said processor to change said reference voltage level from an initial reference 
voltage level. 



^^^83. The processor system of claim 81, wherein said program is fiirther configured to 
operate said processor to repeat acts (a) through (c) if a measured voltage is not less than 
said predetermined rerel:^eiice voltage level. 
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M. The processor system of claim 83, wherein said program is further configured to 
operate said processor to repeat acts (a) through (c) if a voltage measured at a ground 
terminal is notHess than said predetermined reference voltage level. 

85. The processor sy^em of claim 81, wherein said program is fiirther configured to 
operate said processor to repe^^acts (a) through (c) if a measured voltage is not less than 
said predetermined reference voltage level. 

86. The processor system of claim 85, wherein said program is fiirther configured to 
operate said processor to repeat acts (a) through (c^if a voltage measured at a power rail of 
said circuit under test is not less than said predetermined reference voltage level. 

87. The processor system of claim 76, wherein said program is fiirther configured to 
operate said processor to disconnect said test circuit from a power rail of said circuit under 
test. 

88. The processor system of claim 87, wherein said program is fiirther configured to 
operate said processor to disconnect said test circuit from a Vdd terminal. 

89. The processor system of claim 87, wherein said program is fiirther configured to 
operate said processor to disconnect said test circuit from a reference voltage terminal. 
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90. The processor system of claim 88, wherein said program is further configured to 
operate said processor to toggle a state of a transistor coupled between said test circuit and 
said Vdd terminal. 

91. The processor system of claim 89, wherein said program is further configured to 
operate said processor to toggle a state of a transistor coupled between said test circuit and 
said reference voltage terminal. 

92. The processor system of claim 76, wherein said program is fiirther configured to 
operate said processor to compare a sensed voltage with a reference voltage. 

93. The processor system of claim 92, wherein said program is further configured to 
operate said processor to compare a voltage sensed at a ground terminal of said circuit 
under test with a reference voltage. 

94. The processor system of claim 92, wherein said program is further configured to 
operate said processor to compare a voltage sensed at a power rail of said circuit under test 
with a reference voltage. 
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95. The processor system of claim 93, wherein said program is further configured to 
operate said processor to toggle a state of a transistor coupled between the test circuit and 
said ground terminal being sensed. 

96. The processor system of claim 94, wherein said program is further configured to 
operate said processor to toggle a state of a transistor coupled between the test circuit and 
said power rail being sensed. 

97. The processor system of claim 76, wherein said program is fiirther configured to 
operate said processor to quantify ground bounce for said circuit under test. 

98. The processor system of claim 76, wherein said program is further configured to 
operate said processor to quantify power droop of said circuit under test. 
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